An Equivalent Model of Pattern Generator in Jitter Testing  by Wang, Donglv et al.
Physics Procedia 24 (2012) 1092 – 1099
1875-3892 © 2011 Published by Elsevier B.V.  Selection and/or peer-review under responsibility of ICAPIE Organization Committee.
doi:10.1016/j.phpro.2012.02.163
 
Available online at www.sciencedirect.com
 
Physics
Procedia 
          Physics Procedia  00 (2011) 000–000 
www.elsevier.com/locate/procedia
 
 
2012 International Conference on Applied Physics and Industrial Engineering 
An Equivalent Model of Pattern Generator in Jitter Testing 
Donglv Wang, Junfeng Yang, Yanfang Wang 
Fast Electronics Lab, Department of Modern Physics, 
University of Science and Technology of China, 
Hefei, China 
 
Abstract 
Pattern generator is used to provide the stimulus in jitter testing. An equivalent model is proposed in order to 
determine the impact of non-ideal pattern generator on data jitter. Our model consists of an ideal square wave 
generator and a shaping filter. The algorithm of extracting the impulse response of the shaping filter is introduced. 
Analytical expressions of probability distribution function (PDF) of data jitter and bit error rate (BER) are given 
based on impulse response of the system. This model is verified in a set of experiments. It is shown the non-ideal 
pattern generator greatly changes the PDF of data jitter and exacerbates link BER. The estimated jitter with the 
impact of non-ideal pattern generator accords well with measured one, and the equivalent model has high accuracy. 
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1. Introduction 
Timing jitter is deviation of the threshold-crossing time compared to a reference clock [1]. It consists 
of many components, which can be classified into two parts: deterministic jitter (DJ) and random jitter 
(RJ). Measurement of timing jitter is important since jitter directly affects the speed of data operations; 
however the increasing integration density, coupled with the increasing data rate, makes jitter testing 
more critical than ever. Several jitter measurements are proposed in different applications [1-2].A typical 
jitter tolerance test setup is shown in Fig.1.  
As shown in Fig.1, the pattern generator provides the stimulus. The RJ and PJ are injected in the clock 
path. The output of pattern generator is considered to be an ideal square wave signal with extremely low 
jitter [2]. It is reasonable when data rate is much lower than the output bandwidth of the pattern generator, 
however if data rate increases and is comparable with the output bandwidth, the impact of the non-ideal 
pattern generator on data jitter must be carefully considered. 
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In order to determine the impact of the non-ideal pattern generator on data jitter, an equivalent model 
of the pattern generator is proposed. It contains two parts, one is an ideal square wave generator and the 
other is a “shaping filter”. The output of the equivalent model is treated as the output of an ideal square 
wave through the shaping filter. We measured the output of a known data pattern with a broadband 
oscilloscope, and the impulse response of the shaping filter is calculated. Both data jitters with and 
without the impact of the shaping filter are estimated and compared to the measured jitter. It is shown the 
non-ideal pattern generator greatly changes the probability distribution function (PDF) of the data jitter 
and exacerbates link BER. The estimated jitter with the shaping filter accords well with the measured one. 
It is proven that the impact of the pattern generator must be taken into account in jitter testing, and the 
proposed equivalent model has high accuracy.  
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Figure 1. A typical jitter tolerance test setup based on XAUI recommendation. 
2. Equivalent model of pattern generator 
The equivalent model of the pattern generator is shown in Fig.2. It consists of two parts, including an 
ideal square wave generator and a shaping filter. The data comes into the jitter analyzer is the output of an 
ideal square wave with injected jitter through the shaping filter and the device under test (DUT).  
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Figure 2. Equivalent pattern generator with a shaping filter. 
If there is no jitter injected in the clock path, the output of an ideal data sequence with bit period T  
through the shaping filter can be represented [3] by  
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=−∞
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where ( )s t  is the step response of the shaping filter and ka  is the value of the input bit sequence. The 
differential expression of (1) is 
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in which 1k k kb a a −= − , and ( )h t  is the impulse response of the shaping filter. If the shaping filter is a 
causal LTI system, there is ( ) 0( 0)h t t= < . If the time length of ( )h t  in consideration is NT , which 
means ( ) 0( )h t t NT= > , the differential expression of output in time interval ( , ( 1) ]LT L T+  will be 
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If ( )z t  is sampled at the frequency of /M T , the mth value of ( )z t  in the (L+1)th time interval can be 
represented as 
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where 0 L N≤ < ,1 m M≤ ≤ , 0 k N≤ < . 
For a given m, take 1m =  for an example, if the number of input bit sequence is P, ,1Lz  in all P time 
intervals can be described as: 
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Removing the equations in which the label of kb  is negative, and reforming (5), we will get  
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In (6), there are N unknowns ( 0,1 1,1 2,1 1,1, , , ..., Nh h h h − ) and the total number of equations is P N− . If 
( )P N N− >> , we can only get a least squares solution. For an equation AH b= , the least squares 
solution of H is 1( )T TH A A A b−= , where A  is a toeplitz matrix. Similarly, we can get the value of 
0,2 1,2 2,2 1,2( , , , ..., )Nh h h h − … 0, 1, 2, 1,( , , , ..., )M M M N Mh h h h − . Sort the results by time, and we will get the impulse 
response of the shaping filter.  
The impulse response of the total channel between the ideal pattern generator and the jitter analyzer is  
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( ) ( ) ( )t duth t h t h t= ⊗ ,                              (7) 
where ( )duth t  is the impulse response of the DUT which can be derived by measuring its S parameter. 
Analytical expressions of PDF of data jitter and bit error rate (BER) based on impulse response of the 
system can be seen in section III.  
3. Jitter analysis 
If there is only jitter injected in the clock path, the output of the data sequence with bit period T  is 
[ ]1( ) ( ) ( )k k k th
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where ( )s t  is the step response of the system and tΔ  is the injected jitter. We define 0t  as the time of 
threshold-crossing event when there is no injected jitter, which means 
[ ]0 0 0( ) ( ) ( )k th
k
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=−∞
= − − − − =∑ .     (9) 
With the injected jitter, time of threshold-crossing event deviates from 0t . From the first-order Taylor 
expansion of ( )y t  about 0t , the jitter caused by the injected jitter can be described as 
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If tΔ  can be characterized by a Gaussian distribution with a mean value of zero and a standard 
deviation of trσ , 'tΔ  can also be characterized by a Gaussian distribution, whose mean value is zero and 
the standard deviation can be represented as 
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From (9), different input data sequence means different 0t  and causes data dependent jitter (DDJ) [4-5]. 
The DDJ amount of a specified input data sequence can be calculated from (9). If all possible DDJ has 
been calculated, we will get the probability distribution function of DDJ, which can be described as 
1
( ) ( )
N
DJ n n
n
f t t Wα δ
=
= ⋅ −∑ .                      (12) 
where α  is the probability of DDJ, W is the amount of DDJ and N is the total number of all different input 
data sequences in consideration. 
The PDF of total jitter (RJ and DDJ) will be 
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The BER of the system can be described as 
( ) ( ) ( )
t T
TJ t TJ TJt
BER t P f t dt f t dt
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−∞
= +⎡ ⎤⎣ ⎦∫ ∫ ,       (14) 
in which, tP  is the transition density. 
For a given BER, if the waveform eye diagram is not close, there exist two solutions of (14), 1t  and 2t , 
and the total jitter (TJ) is 
2 1| |TJ T t t= − − .                                  (15) 
If the injected jitter is only RJ, the PDF of TJ at the output of DUT can be estimated from (13).  The 
BER at the receiver can be calculated using (15). Both data jitters with and without the impact of the 
shaping filter are estimated and verified experimentally in section IV. 
4. Experimental verification  
In the experiments, the pattern generator part of Agilent J-BERT N4903A is used to provide the 
stimulus. Its output data rate ranges from 150Mb/s to 12.5 GB/s, and jitters can be injected in the clock 
path [6]. The jitter analyzer is Agilent 86100C, a sampling oscilloscope that can measure jitter from 
100Mb/s to 80GB/s [7]. The data pattern used in the test is PRBS10. 
The output of a known data pattern is measured, and the impulse response of the shaping filter is 
derived as described in section II. The step response and the pulse response are shown in Fig.3. 
As shown in Fig.3, the shaping filter has a ringing step response. The pulse response is not an ideal 
square wave and has a slowly falling down edge. This can be caused by the reflection at the connector 
and the limited output bandwidth of pattern generator. The residual of prior bits will affect the threshold 
crossing time and cause date jitter.  
We carry out jitter measurement on different DUTs. They include a 5-inch 50Ω  copper microstrip on 
standard FR4 board, a 10-inch 50Ω  copper microstrip on standard FR4 board and a 15-inch 50Ω copper 
microstrip on Rogers PCB of which the 3dB bandwidths are 3.2GHz, 1.7GHz and 2.2GHz respectively. 
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Figure 3. Step response and pulse response at 6.25Gb/s of shaping filter 
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The inherent random jitter which can be characterized by Gaussian distribution in the clock path 
should be taken into account, and the total jitter in the clock path is sum of injected jitter and inherent 
jitter. Its standard deviation can be represented as 
2 2
inherent injectedtotalσ σ σ= + .              (16) 
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Figure 4. Total jitter PDF at the output of 10-inch microstrip on FR4 board at 6.25Gb/s 
Fig.4 shows the total jitter PDF at the output of 10-inch microstrip on FR4 board at 6.25 GB/s. The 
injected RJ has a standard deviation of 0.015 unit interval and a mean value of zero.  
The PDF of estimated jitter without the impact of shaping filter is very different from the PDF of the 
measured jitter both in magnitude and distribution. The former is more concentrated, which means it has 
smaller DDJ component. This is because only the impact of DUT on jitter is in consideration and the 
effect of non-ideal pattern generator is ignored. The PDF of jitter with the impact of shaping filter accords 
well with that of measured jitter. 
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Figure 5. Bath curve  at the output of 10-inch microstrip on FR4 board at 6.25 Gb/s 
TJ is always related to a certain bit error rate, for example, 1210−  for FC and XAUI. Direct measurement 
at 1210−  BER level can be very time consuming. The BERT scan provides a mechanism to extrapolate to 
low bit error rates (< 1210− ) without the long test time [8].Fig. 5 shows  the output bath curve of 10-inch 
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microdtrip on FR4 board at data rate of 6.25 Gb/s. At the 1210−  BER level, the TJ of measured jitter is 
0.4122 UI. The TJ without the impact of shaping filter is 0.3643 UI with an error -11.6%, while TJ with the 
impact of shaping filter is 0.4230 UI and has only 2.6% error. 
A set of experiments with different injected random jitters at data rate of 6.25Gb/s and 9.95328Gb/s 
are carried out and the results are listed in TABLE I and TABLE II respectively. 
In TABLE I and TABLE II, TJ1 is the total jitter without the impact of shaping filter and TJ2 is the 
total jitter with the impact of shaping filter. It can be seen in all different combinations of DUTs, injected 
jitters and data rates, the TJ without shaping filter at the 1210−  BER level is always much smaller than the 
measured one, and error ranges from -10.1% to -40.0%. At a specified data rate, broader bandwidth of the 
DUT means less impact on jitter, while the impact of non-ideal pattern generator remains the same. That 
is why the error of TJ1 of 5-inch microstrip on FR4 board is greater than that of 10-inch microstrip on 
FR4 board.  
For a same DUT and same injected jitter, the error of TJ1 in TABLE II is greater than that in TABLE I, 
which means the impact of non-ideal pattern generator on data jitter increases as the data rate increases. 
This is because as data rate increases, there will be more prior bits which have effect on the threshold 
crossing time and cause more data jitter. The error of TJ2 is much less than error of TJ1 and ranges only 
from 0.19% to 8.20%. The inaccuracy of measurement can be a major cause of the difference between 
TJ2 and measured total jitter. The jitter with the impact of shaping filter accords well with measured jitter, 
and the equivalent model of non-ideal pattern generator shows high accuracy.   
Table I. Measured &analytical tj at 6.25gb/s
DUT RJ 
[UI] 
Measured
TJ [psec]
TJ1 
[psec]
Error1 TJ2 
[psec]
Error2
5-inch 
FR4 
0.010 42.03 31.95 -24.0% 39.46 -6.1%
0.015 51.71 43.56 -15.8% 50.79 -1.8%
0.020 62.51 56.20 -10.1% 63.21 1.1% 
10-inch 
FR4 
0.010 60.11 46.13 -23.3% 59.04 -1.8%
0.015 69.31 57.80 -16.5% 70.69 1.98%
0.020 79.65 70.60 -11.4% 83.50 4.83%
15-inch 
Rogers 
0.010 48.75 34.18 -29.9% 45.82 -6.01%
0.015 58.38 44.77 -23.3% 56.66 -2.96%
0.020 68.75 56.37 -18.0% 68.57 -0.27%
Table II. Measured & analytical tj at 9.95328gb/s
DUT RJ 
[UI] 
Measured
TJ [psec]
TJ1 
[psec]
Error1 TJ2 
[psec]
Error2
 5-inch 
FR4 
0.010 46.80 28.07 -40.0% 43.19 -7.72%
0.015 51.35 34.22 -33.4% 49.60 -3.41%
0.020 56.99 40.90 -28.2% 57.10 0.19%
10-inch 
FR4 
0.010 73.47 48.27 -34.3% 73.73 0.35%
0.015 77.64 54.62 -29.7% 81.48 4.95%
0.020 83.07 61.55 -25.9% 89.88 8.20%
15-inch 
Rogers 
0.010 55.38 37.04 -33.1% 53.32 -3.72%
0.015 58.73 43.15 -26.5% 60.05 2.25%
0.020 64.24 49.81 -22.5% 67.40 4.92%
5. Conclusion 
In this paper, an equivalent model of non-ideal pattern generator in jitter testing is proposed and the 
algorithm of extracting its impulse response is also presented. A set of experiments are carried out to 
verify the equivalent model. Both data jitters with and without the impact of non-ideal pattern generator 
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are estimated and compared to the measured jitter. It is shown the impact of non-ideal pattern generator 
on jitter can not be neglected and the equivalent model has high accuracy. The equivalent model can be 
applied in other areas to amend the signal source. 
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